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1. A type of curable sheet characterized by the following facts: the curable 



formed from a resin composition and is 



sheet is 



composed of a reactive acrylic resin, which has 



in an uncured state; said resin composition is mainly 



a weight-average molecular weight in the range 



'jzzzzz z;"sr- 

pho.osensi.izer. ^ ? ' ' S0Cya " aIe ' a reac,ive ™yl monomer, and a 

2. The curable sheet descnbed in Claim 1 characterized by the fact that ft, 

weigh, ,„ , he range of • »17 't' 8 ™ ^ 3 -^'-average molecular 
carboxy, groups. '° 0 ° ^ * * ^ >« S™PS. amino groups, or 

Detailed explanation of thq invention 
Industrial application field 

Prior art 

-,y,^ 

dissipates during the process 1 T r^"'-^" paiM is *• "game solvent 
longtime andalarge amount of energy. ThisTs ^d ^ * 3 

objects, and, when said bonding material d T ^ Plate ' Md oth « 

as such bonding material sheen m ■ , / 15 "° need t0 cure il - However, 

exam.e.fapaneseKoKo.u Patent No. Sh 0 5^^^ T h " dn - ** 

composite sheet characterized by the fact thatTlf ^ ^ ' ° f lhe ™ os «= t "'"« 

substrate in a radical reaction ^f™ 1 7 " " P ° r ° US *« ^ 

tnttiator to form an mtuator-soaked sheet, followed by laminating 
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pagination in the foreign text.] 



^^^^^^^^^^^^ 

form at room temperature and a Jl UnSa,Uri " ed C ° mp0Und and in 

Problems to be solved by the invention 

.oformaunrfort S^^"^^" — 

Pap. woven p^^"^ 7 ^ 
composite sheet is applied to cover the surf,,, 7 k Consequently, when the 

surface, i, is difficult stretehl ^ haVmg ""P 5 *™ 1 * ° r a <= u ™ d 

■* surface of ^ec, ^ ^ ^ " " » f <™ * *** -ting on 

patcno n! lt 0 ;;r;™T b ; d in Japanese Kokai pa,en ' 

bnmps and dtps or ^ ^ 2X7 t' T '° b ° nd * 2 ^ 

radical reactive unsaturate! ! ™ ^ ""'^ * e P 0 ^ containing a 

'he like When heated ,h, ,„ 7 * PreSem ° n 2 the ™»Pl^tic resin layer or 

omer,a„ d cIg~jrr TT^™^™^ 6 ^™^^ 
depends on the p^^TnT '""^ * "» Sh ~' ™ 

A.so, when X CaZTr " f "* " 3 <S - , " M *- 

providing !ZT " '° S0 ' Ve theaf ~^P^-ofthep ri „ra„ by 

flexihih, hefTr e lf " 7 " *» — ™% - 

ng, that ,s cat, be apphed to cover the surface of an object with bumps 



Means to solve the problem 

This invention provides a type of eurable sheet characterized by the following facts- rite 
curabie sheet, f oml ed from a resin composition and is in an nncured state; said 
composmon „ main.ycomposed of areactive acry.ic resin, which has a w ight-aZge 
mo.ec .ar we.gh. ,„ the range of 100,000-1,000,000, is in soli d state a, room temperal and 
has a, ,eas, P ,ura. hydroxy, groups, (hereinafter to be referred to as reactive acry"TanL 

in J"* af0remeMi0ned resin also contains a thermoplastic acrylic resin that is 

m ohd form at room temperature and/or a reactive acrylic oligomer that has a libera 
molecuiar we.gh, m the range of 1000-10,000 and has a, least plural hydroxy, groups 
groups, or car „ X y, groups (hereinafter to be referred to as reactive acrU o^' ^ 
In the followmg, this invention will be explained in detail 

state Fa?' ° f th ' S inVen " 0n " 8 Shee ' made ° f 3 reSin <W&» in an uncured 

Zrnoo ; fW C0raP ° S " iOnS ^ « " «« compos,,,^ 

1)A composmon mamly composed of a reactive acrylic resin that has a weight-averaze 
— -ght m me range of 100,000-1,000,000 and is in solid form at room J^Z 
(25C ), a blocked tsocyanate, a reactive viny, monomer, and a photosensitizer 

C ° i mp0Sit,0n mai "^ «"P°«« of a reactive acrylic resin that has a weight-averaze 

block H ra " 8e ° f 10 °' 000 - 1 ~ - * solid state at room ,em« 

blocked tsocyanate, a reactive viny, monomer, a photosensitizer, and a mermop, Jc^T 
restn that ,s in sold form at room temperature. ermoplasuc acryhc 

„, P 1 A Com P° sitio " mai "'y imposed of a reactive acrylic resin that has a weigh.-averaze 
mo, cular wetgh, m the range of .00,000-1,000,000 and is in solid state a, room templtT 
^ ve acryhc ohgomer with a weight-average molecular we.gh, in the mnge of OOWO O^a 
blocked tsocyanate, a reactive vinyl monomer, and a photosensitizer 

molec A C0 K mP0Siti ° n main ' y C ° mP0Sed ° f " reaCtiVC aCI > Iic resi " has a weight-average 
modular weight ,„ the range of 100,000- .,000,000 and is in so,id state at room temfeL f 

Z Z 8 ° mer WiIh " Wdgh, - aVerage m °' eCUlar " - -ae of 100~a 

« r n T; areaCtiVe Viny ' ~-P"~>i-, and autoplastic a^ 
resin that ism solid state at room temperature. 

zrouns 1 * K ° fOKmentionei ™< i ™^™" "an acrylic polymer having plural hydroxy, 
groups, anuno groups, orcarboxy, groups, and i, is in so.id form a, room temperature. FoT 
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changed by adjushng lhe conditions of C Slwl7 " * 

reactive aerylic resin used in .hi, i , P" 1 )™™^™ reaction using an initiator. For the 
of 100 000-r MO 000 1 7 ' ""W**™* weigh, is in the range 

hand, if the weight-average molecular we.gh, ver 000 Z f ^ 7 T °" °*" 
resin composition with blocked isocyanate or , e , ke i ' m ' XIn8 af ° remCT,io " ed 

curable sheet. Alao, for the reactive 2 ^„ ,1 T " " diffiCU " '° "» 
•he Tg (gi ass transition point) ^^^^^Tr'"'" ^ ^ 
{OH value and NH? value nra , , • • ' ^ d the functl0n *l group value 

po>yme riZ at,o„ " 1 ^ I ZolTZ™ " ^ — * 

acid to change to OH grouos for dl 2 ^ ™ * reaC ' wi * ■*■»» 

ge to uh groups for determining the value) and COOHerouo value rmnu , • 
« calculated from the amount of COOH groups added in no, e: " 

OH value, or COOH groups are titrated wIkOH d ^ *' ^ " 

-ge of 40-UO. A,so, fori reactiv a^ c 1 m ZZTT^ " 

units, m me mo.« ™: of ™;~ ^ " — * — °< acrylate repeating 

hydroxy, group, ammo ^ ~* 

solid form or so.id sofotion form a, room , l^erT TZ ^U aT T M * " 



6 



mokcukr weigh, is over 10,000, «he „b,ai n ed sheet has no flexibility, and its moldability is poor 
Also, for the reactive acrylie oligomer, in consideration of the sheet moldability and the hardness 
ot the cured film, the glass transition point should be in the range of -50C° to 40C° and the 
functional group value (same as that for the reactive acrylic resin) is preferably in the range of 
80-250. As long as these ranges of molecular weight are obtained, for the reactive acrylic 
ohgomer, plural types of reactive acrylic oligomers may be used in combination 

W.th respect to 100 parts by weigh, of the reactive acrylic resin, the amount of reactive 
acryhc ohgomer should be in the range of 5-200 parts by weight, or preferably in the range of 
5-50 parts by weight. 

The aforementioned blocked isocyanate is used as a heat reaction type curing agent for 
cunng the reactive acrylic resin (or for curing of the reactive acrylic resin and reactive acrylic 
ohgomer when the reactive acrylic oligomer is also contained). Here, me blocked isocyanate 
refers to a compound prepared by blocking the isocyanate groups of an isocyanate compound 
havmg two or more isocyanate groups in each molecule with phenol, oxime, e-caprolactam 
malontc ester, or other blocking agent. Examples of said isocyanate compounds tnclude tolylene 
dnsocyanate, diphenyl methane dtisocyanate, hexamethylene diisocyanate, isophorone- 
dnsocyanate, and other monomers, as well as their trimethylolpropane adduct, isocyanura.e 
modtfred compound, carboditmido-modified compound, etc. When the blocked isocyanate is 
heated, sa,d blocking agent is detached, and the generated isocyanate groups crosslink with the 
reacve acryhc resin (or with the reactive acrylic resin and reactive acrylic oligomer when tire 
reactive acrylic ohgomer is also contained). As far as the content of blocked isocyanate is 
concerned, the ratio of the number of functional groups of the reactive acrylic resin (or the 
reactive acrylic resin and the reactive acrylic oligomer when the reactive acrylic oligomer is also 
contamed) to the number of .socyanate groups contained in the blocked isocyanate (functional 
group ™«ue/NCO value) should be adjusted in the range of 0.5-2.0, or preferably in the range of 

As far as the aforementioned reactive vinyl monomer is concerned, a material that has 
good mobility with the aforementioned reactive acrylic resin is preferred, such as 
(meth)acrylate-based materials, styrene-based materials, etc. Examples of the acrylic reactive 
vtnyl monomers include methyl (meth)acrylate, ethyl (meth)acrylate, benzyl (meth)acrylate, 
2-ethoxye.hyI (meth)acrylate, phenoxy diethylene glycol (meth)acrylate, and other 
myofunctional types, 1,6-hexanedio. d>(meth)acryla.e, neopen.yl glycol di(meth)acryla«e 
poyethylene glycol di(me,h)acrylate, polypropy.ene glycol di(meth)acry.ate, trimethylpropane 
ti,(meth)acryla,e, pentaerythri.ol tri(meth)acrylate, pentaerythritol tetia(meth)acrylate 
dtpentaerythritol hexa(meth)acrylate, and other multifunctional types. 
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Examples of styrene-based reactive vinyl monomers include styrene, a-methylstyrene 
a-ethylstyrene, p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-ethoxystyrene 
p-chlorostyrene, m-chlorostyrene, o-chlorostyrene, and various other styrene derivatives With 
respect to 100 parts by weight of the reactive acrylic resin (or reactive acrylic resin 
thermoplastic acrylic resin and/or reactive acrylic oligomer when thermoplastic acrylic resin 
and/or reactive acrylic oligomer are also contained), the amount of reactive vinyl monomer is 
preferably in the range of 20-200 parts by weight (hereinafter to be referred to as "parts") or 
more preferably in the range of 40-150 parts. The reactive vinyl monomer may be used either 
alone or as a mixture of several types. 

The aforementioned thermoplastic acrylic resin is a polyaerylie ester. Usually, one may 
make nse of polymethyl methacrylate or polymethyl me.hacrylate copolymer. One may also 
make nse of polymers of other acrylic esters as well as their blends. The amonnt of thermoplastic 
acryhc resin added with respect to 100 parts of the mactive acryltc resin is preferably in the 
range of 5-50 parts. 

As far as the aforementioned photosensitizer is concerned, a conventional type may be 
used. Examples of the photosensitizes that can be used preferably include benzoin alkyl ether- 
based photosensitizes, acetophenone-based photosensitizes, benzophenone-based 
photosensitizes, thioxanthone-based photosensitizes, etc. Examples of the benzoin ether-based 
photosensitizes include benzyl, benzom, benzoin methyl ether, benzoin ethyl ether, benzoin 
isopropyl ether, etc. Examples of the acetophenone-based photosensitizes include 

2,2^ethoxyacetophenone,2,2'-dibutoxyacetophenone,2-hydroxy-2-methylpropiophenone 
p-tert-butyl tnchloroacetophenone, etc. Examples of the benzophenone-based photosensitizes 
include benzophenone, 4-chlorobenzophenone, 4,4-dichlorobenzophenone 
3,3^methyl-4-methoxybenzo P henone, dibenzosuberone, etc. Examples of the thioxanthone- 
based photosensitizes include thioxanthone, 2-chlorothioxanthone, 2-methylthioxanthone 
2-isopropylthioxanthone, 2-ethylanthraquinone, etc. The amount of photosensitizer added ' 
depends on the composition of the resin composition. Usually, with respect to 100 parts of the 
reactive vinyl monomer, the amount is preferably in the range of 0.5-2.0 parts The 
photosensitizes may be used either alone or as a mixture of several types. 

Also, the aforementioned resin composition may contain pigments, dyes, and other 
colonng agents. Examples of the coloring agents include the pigments, dyes, etc. commonly used 
in prepanng paints. Examples of pigments include titanium oxide, iron oxide, carbon black 
cyamne-based pigments, quinacridone-based pigments, etc. Examples of dyes include azo-based 
dyes, anthraquinone-based dyes, indigoid-based dyes, stilbene-based dyes, etc. Also, one may 
make use of aluminum flakes, nickel powder, gold powder, silver powder, and other metal 
powdes, and other coloring agents. When coloring agents with a high shielding ability are used 
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itnT 7""' ° f C0 ' 0rin * ^ " ith «P« '0 100 parts of ,he solid component of the resin 
- preferably m the range of 2-100 parts. Also, as needed, the aforementioned resin composition 
may also contam rus, inhibitors, fillers, aging inhibitors, etc. 

The aforementioned components axe mixed to form the resin composition. The obtained 

ZIZT"i" h " d CUraWe *~ ° f ,h ' S inVeMi0 "- **» - -able 

sheet „ uncured. It has excellent malleability, flexibility, and good property in covering along 

•he surface of objects havmg bumps and dips or a cnrved surface. After the curable sheet is 

apphed to cover the surface of the object, ,, is heated a, a prescnbed temperature or higher and is 

.rmdtateri wtth light so as to form a hard coating film. When said curable sheet does noTh v! a 

; e ; t t object which a co ^ an adhes,ve ^ ^ »* ^ - * ~ 

surface o the curable sheet, so that the curable shee, is bonded via the adhesive layer on the 
urface of , he object. Examples of the adhesives for making the adhesive layer incU.de Bvl 
teed ot me,, adhesives, S,S-based ho, mel, adhesives, acrylic ho, mel, adhesives, unsaturated 
polyester- ased uncrossed compounds, acryhc adhesives, pos,-curab,e acrylic adhesives 
etc., as well as their blends and laminates. onesives, 

clear Inv^nT Z Tf* *°* " " ** « -y set a 

dear layer on the surface of the sheet. The clear layer may be formed from a transparent resin 

ornpostbon, such tha, therestn composition used in this invention and the resin layer Z of 
c onng agen, Also, i, may be made of a highly transparent shee, material, such as acrylic 
resms, fluonne-eontaining resins, urethane-based resins, polyvinyl chlonde-based resins, etc 
method^ , Shee ' ^ af ° rementioned <*»*«*» -ay be manufactured using any 

2 T r , 77 • " te " " fOUOWS: ' he aforemenfioned resin composition is 
<b o've m ethy, acetate, toluene, or other organic solvent, and the solution is coated on a film 

Snitrr f r moi r ease using a si,ic ° ne m ° ,d — - - ™°wi 

drymg ,o form a ream layer of a thin sheet. Then, the resin ,ayer is peeled off from the film. 
Application examples 

In the following, this invention will be explained in more detail with reference to 
application examples. 

Preparation of curable sheet 
Applicatio n Examp le 1 

Acrylic polyo. (Arotan 2040-145 [transliteration], product of Nippon Shokubai Kagaku 
^■^.withaT g of40C»,OH value of 80, and wei^t-average m„,ecu,ar weigh 
339 000) m an amount of 100 parts for the solid portion, blocked isocyanate (Takenate B 815N 
product of Takeda Chemical Industries, Ltd., an oxime block compound of hydroZted 
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^phenyl methane diisocyanate, with an NCO% of 7.3) in an amount of 49 parts for the solid 
portion (th,s blocked isocyanate had 1.0 Eq of isocyanate groups with respect to the hydroxy] 
groups of said acrylic polyol), 80 parts of methyl methacrylate, 1 .5 parts of benzyl, and 60 parts 
of titanium oxide were mixed by agitation. The obtained mixture was coated on the mold release 
surface of a polyethylene terephthalate film (product of Soken Kako K.K., with a thickness of 
40 urn, to be referred to as PET film) that had been subjected to a silicone mold release 
treatment. After drying at 60C° for 20 min, the PET film was peeled off, forming a curable sheet 
m the uncured state. The obtained sheet had a thickness of 100 ixm. 

Application Examp le 9 

Acrylic polyol (Arortan 2040-145, product of Nippon Sholcubai Kagaku Kogyo Co Ltd 
with a Tg of 40C°, OH value of 80, and weight-average molecular weight of 339 000) in an 
amount of 100 parts for the solid portion, blocked isocyanate (Takenate B-815N product of 
Takeda Chemical Industries, Ltd., an oxime block compound of hydrogenated diphenyl methane 
diisocyanate, with an NCO% of 7.3) in an amount of 59 parts for the solid portion (this blocked 
isocyanate had 1.2 Eq of isocyanate groups with respect to the hydroxyl groups of said acrylic 
polyol), 40 parts of diethylene glycol di methacrylate, 0.7 part of benzyl, and 40 parts of titanium 
oxide were mixed by agitation. In the same way as in Application Example 1, the obtained 
mixture was coated on the mold release surface of a PET film that had been subjected to a 
silicone mold release treatment. After drying at 60C° for 20 min, the PET film was peeled off 
forming a curable sheet in the uncured state. The obtained sheet had a thickness of 100 urn. ' 

Application Examp le 3 

Acrylic polyol (Arotan 2040-132, product of Nippon Shokubai Kagaku Kogyo Co Ltd 
with a Tg of 20C°, OH value of 80, and weight-average molecular weight of 365 000) in an 
amount of 100 parts for the solid portion, blocked isocyanate (Takenate B-815N product of 
Takeda Chemical Industries, Ltd., an oxime block compound of hydrogenated diphenyl methane 
diisocyanate, with NCO% of 7.3) in an amount of 49 parts for the solid portion (this blocked 
isocyanate had 1.0 Eq of isocyanate groups with respect to the hydroxy] groups of said acrylic 
polyol), 10 parts of a thermoplastic acrylic resin (Haipet HBS [transliteration], product of 
Mitsubishi Rayon Co., Ltd.), 88 parts of methyl methacrylate (80 parts with respect to 100 parts 
of the solid portion of acrylic polyol and thermoplastic acrylic resin), 1.4 parts of benzophenone 
20 parts of carbon black, and 100 parts of ethyl acetate were mixed by agitation. In the same way 
as in Application Example 1, the obtained mixture was coated on the mold release surface of a 
PET film that had been subjected to a silicone mold release treatment. After drying at 60C° for 



11 



10 



20 min, the PET film was peeled off, forming a curable sheet in the uncured state. The obtained 
sheet had a thickness of 80 Jim. 

Application Example 4 

Acrylic polyol (Arotan 2040-132, product of Nippon Shokubai Kagaku Kogyo Co., Ltd., 
with a Tg of 20C°, OH value of 80, and weight-average molecular weight of 365,000) in an 
amount of 100 parts for the solid portion, blocked isocyanate (Takenate B-815N, product of 
Takeda Chemical Industries, Ltd., an oxime block compound of hydrogenated diphenyl methane 
diisocyanate, with an NCO% of 7.3) in an amount of 59 parts for the solid portion (this blocked 
isocyanate had 1.2 Eq of isocyanate groups with respect to the hydroxyl groups of said acrylic 
polyol), 20 parts of a thermoplastic acrylic resin (Haipet HBS, product of Mitsubishi Rayon Co., 
Ltd.), 72 parts of diethylene glycol dimethacrylate (60 parts with respect to the solid portion of ' 
acrylic polyol and thermoplastic acrylic resin), 1.2 parts of benzophenone, 35 parts of iron oxide, 
and 100 parts of ethyl acetate were mixed by agitation. In the same way as in Application 
Example 1, the obtained mixture was coated on the mold release surface of a PET film that had 
been subjected to a silicone mold release treatment. After drying at 60C° for 20 min, the PET 
film was peeled off, forming a curable sheet in the uncured state. The obtained sheet had a 
thickness of 80 u,m. 



Application Example 5 

Acrylic polyol (Arotan 2040-145, product of Nippon Shokubai Kagaku Kogyo Co., Ltd., 
with a Tg of 40C°, OH value of 80, and weight-average molecular weight of 339,000) in an 
amount of 100 parts for the solid portion, acrylic polyol oligomer (NTKKALITE H-870, product 
of Nippon Carbide Co., Ltd., with a Tg of 45C°, OH value of 200, and weight-average molecular 
weight of 2200-2500) in an amount of 30 parts for the solid portion, blocked isocyanate 
(Takenate B-815N, product of Takeda Chemical Industries, Ltd., an oxime block compound of 
hydrogenated diphenyl methane diisocyanate, with an NCO% of 7.3) in an amount of 86 parts 
for the solid portion (this blocked isocyanate had 1.0 Eq of isocyanate groups with respect to the 
hydroxyl groups of said acrylic polyol and acrylic polyol oligomer), 130 parts of methyl 
methacrylate (100 parts with respect to 100 parts of the solid portion of acrylic polyol and acrylic 
polyol oligomer), 1.5 parts of benzyl, and 80 parts of titanium oxide were mixed by agitation. In 
the same way as in Application Example 1, the obtained mixture was coated on the mold release 
surface of a PET film that had been subjected to silicone mold release treatment. After drying at 
60C° for 20 min, the PET film was peeled off, forming a curable sheet in the uncured state. The 
obtained sheet had a thickness of 100 nm. 
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Application Fxampi^ ^ 

T,Zr ' ' wei S hl - a ™rage molecular weigh, of 339 000) in an 

?ZT " TT ° pans for * e solid ^ biocked 

or the solid portton (this blocked jsocyanate had ^ rf ° ™ 

After drying he PCT fi. m h „ '° 2 Si,iC °" e m ° W ™- 

oh, a 7 u Pee ' ed ° ff ' f0m,ing a curable sh «=< ^ 'he uncured state The 

obtained sheet had a thickness of 100 urn. 

Application Examp le 7 

' UW VaIUe 0f 80 ' 311(1 weight-average molecular weight of 365 000) in an 

■ W,,haT80f45C - OH ™ ,u - f2 «'-<'we i gh t .avera g eLec„la r 
annate B ^ TO j ^ am ° Um ° f 30 pa " S ft*f the sohd portion, blocked isocyanate 

acryltc resin <*aipe,HBS, product of Mitsubishi Rayon Co. Ltd, ^0 ^7 
me^e (60 pms with respect „ ^ rf ^ so|jd L^J" 

^td z: d ttt* aciy,ic resm) ' 1 4 pans ° f benzo ^°- 2 ° - - 

Ex-p e . the 0* d aCCtate ^ ^ a8i,ati0n ' * * e "»* » " Won 
Example,, the obtalned „ was ^ ^ ^ ^ PP on 

been subjected to a silicone mo.d re.ease treatment. After drying, the PET fi,m was Sed of f 
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Application Examp le « 

Acrylic polyol (Arotan 2040-132, product of Nippon Shokubai Kagaku Kogyo Co Ltd 
wth a Tg of 20C«, OH value of 80, and wetght-average molecular weight of 365 000) in an " 
amount of 100 parts for the solid portion, acrylic polyol oligomer (Nikkali.e H-870, product of 
Ntppon Carbide Co., Ltd., with a Tg of 45C°, OH value of 200, and weight-average macular 
we.ght of 2200-2500) in an amount of 20 parts for the solid portion, blocked .socyanate 
CTakenate B-815N, product of Takeda Chemical Industries, Ltd., an oxime block compound of 
hydrogenated diphenyl methane diisocyanate, with an NCO% of 7.3) in an amount of 70 pans 
or the solid portion (this blocked .socyanate had 1.0 Eq of isocyanate groups with respect to the 
hydroxy, groups of said acrylic po ly ol and acrylic polyol oligomer), 20 parts of a ,hermop la sbc 
acryhc resm (Haipet HBS, product of Mitsubishi Rayon Co., Ltd.), 112 parts of diethylene glyco, 
dtmethacrylate (80 parts with respect to 100 parts of the solid portion of acrylic polyol, acryhc 
polyol ohgomer and thermoplastic acrylic resin), 1 .4 parts of benzophenone, 60 parts of iron 

ramnL n i 2 rT° f ; thyl ^ ^ *•-» ™» * 

Example 1, the obtamed rn.xti.re was coated on the mold release surface of a PET film that had 

been subjected to a silicone mold release treatment. After drying, the PET film was peeled off 

formmg a curable sheet in the uncured state. The obtained sheet had a thickness of 80 pm. ' 

Application Examp le. Q 

In 300 parts of ethyl acetate, reactive acrylic resin (copolymer of methyl methacryla.e 
methacryhc ac.d, and 2-aminoc,hyl acry.ate, with Mw=565,000, Tg of 35C°, COOH value of20 
and NH, va!ue of 40) in an amount of !00 parts for the sohd portion, blocked isocyanate 
(Takenatc B-815N, product of Takeda Chemical Industries, Ltd., ketoximc block NCO of 7 3%) 
m an amount of 38 parts for the solid portion (this crosslink^ agent had 1.0 Eq of isocyanate 
groups wtth respect to the functiona. groups of said reactive acrylic resin), 40 parts of methyl 
methacrylate, and 1.6 parts of benzophenone were well mixed by agitation. The obtained mtxture 
was coated on the mold release surface of a polyethylene terephthalate (PET) film that had been 
subjected to a silicone mold release treatment. After drying a, 80C° for 5 min, a curable sheet 
was formed. The obtained sheet had a thickness of 80 pm. 

Application Examp le in 

In 300 parts of ethyl acetate, reactive acrylic resin (copolymer of methyl methacrylate 
2-hydroxye.hy] methacrylate and methacryhc ester, with Mw=250,00O, Tg of ISC*. OH value of 

Z7 T OfA0Y ' nW am ° Unt ° f 100 ^ fOT thC S0 " d PO* 0 "' bl °*d .socyanate 

(Takenate B-815N, product of Takeda Chemical Industries, Ltd., ketoxime block NCO of 7 3%) 

tn an amount of 59 parts for the solid portion (this cross.inking agent had 1 .2 Eq of isocyanate 
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groups with respect to the functional groups of said reactive acrylic resin), 30 parts of a 
thermoplastic acrylic resin (Haipet HBS, product of Mitsubishi Rayon Co., Ltd.), 30 parts of 
diethylene glycol dimethacrylate, 1.5 parts of benzyl, and 40 parts of titanium oxide were mixed 
by agitation. The obtained mixture was coated on the mold release surface of a PET film that had 
been subjected to a silicone mold release treatment. After drying at 80C° for 5 min, a curable 
sheet was formed. The obtained sheet had a thickness of 200 urn. 

Application Example 1 1 

In 300 parts of ethyl acetate, reactive acrylic resin (copolymer of methyl methacrylate, 
2-hydroxyethyl methacrylate and 4-aminobutyl methacrylate, with Mw=368,000, Tg of 10C°, 
OH value of 40, and NH 2 value of 40) in an amount of 100 parts for the solid portion, blocked 
acrylic polycarboxylic acid (a copolymer of stearyl methacrylate and methacrylic acid, 
Mw=25,000, Tg of 20C° and acid value of 20) in an amount of 10 parts for the solid portion, 47 
parts of blocked isocyanate (Coronate 2513, product of Nippon Polyurethane Industry Co., Ltd., 
with an NCO of 10.2%) (this crosslinking agent had 1.0 Eq of isocyanate groups with respect to 
the functional groups of said reactive acrylic resin), 30 parts of methyl methacrylate, 20 parts of 
benzophenone, and 20 parts of quinacridone were well mixed by agitation. The obtained mixture 
was coated on the mold release surface of a PET film that had been subjected to a silicone mold 
release treatment. After drying at 70C° for 10 min, a curable sheet was formed. The obtained 
sheet had a thickness of 100 urn. 

Application Example 12 

In 300 parts of ethyl acetate, reactive acrylic resin (copolymer of methyl methacrylate, 
methacrylic acid and 3-aminopropyl acrylate, with Mw=62 1,000, Tg of 10C°, COOH value of 
40, and NH 2 value of 40) in an amount of 100 parts for the solid portion, blocked isocyanate 
(Takenate B-815N, product of Takeda Chemical Industries, Ltd., ketoxime block NCO of 7.3%) 
in an amount of 59 parts for the solid portion (this crosslinking agent had 1.2 Eq of isocyanate 
groups with respect to the functional groups of said reactive acrylic resin), 40 parts of titanium 
oxide, 20 parts of hexamethylene dimethacrylate, and 3 parts of 4-chlorobenzophenone were 
well mixed by agitation. The obtained mixture was coated on the mold release surface of a PET 
film that had been subjected to a silicone mold release treatment. After drying at 80C° for 5 min, 
a curable sheet was formed. The obtained sheet had a thickness of 150 u.m. 

A pplication Example 13 

In 300 parts of ethyl acetate, reactive acrylic resin (same as in 1 [sic, Application 
Example 1]) in an amount of 100 parts for the solid portion, acrylic polycarboxylic acid oligomer 
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(copolymer of ethyl acrylate and methacrylic acid, Mw=25,000, Tg of 20C° and acid value of 
50) in an amount of 20 parts for the solid portion, 41 parts of blocked isocyanate (Coronate 2513, 
product of Nippon Polyurethane Industry Co., Ltd., with an NCO% of 10.2) (this crosslinking 
agent had 1.0 Eq of isocyanate groups with respect to the total functional groups of said reactive 
acrylic resin and acrylic polycarboxylic acid oligomer), 2 parts of zinc chromate, 30 parts of 
methyl methacrylate, and 20 parts of benzophenone were well mixed by agitation. The obtained 
mixture was coated on the mold release surface of a polyethylene terephthalate (PET) film that 
had been subjected to a silicone mold release treatment. After drying at 70C° for 10 min, a 
curable sheet was formed. The obtained sheet had a thickness of 80 \im. 

Properties of curable sheet 

Tests were performed for the properties of the obtained sheets, that is, malleability, 
vacuum moldability, adhesiveness, and hardness. 

The malleability was evaluated by stretching the sheet in an atmosphere at 30C° for 
100%, and whether the sheet ruptured was judged. 

The moldability was evaluated by bonding the sheet on a base material, followed by 
vacuum molding of the laminate at 60C°, and judgment of the ease of coating in this case and the 
appearance of the sheet surface. 

The adhesiveness was evaluated as follows. The aforementioned molded laminate was 
heated at 160C° for 30 min and irradiated under a high-pressure mercury lamp (160 W/cm, 
height of 15 cm) for 2 min. Then, on the surface of the cured film, 100 chessboard grids with 
intervals of 1 mm were cut. A commercially available adhesive tape was applied and then peeled 
off. The residual % of the chessboard grids was used for evaluation. 

The hardness was evaluated in a pencil hardness test according to JIS K5400. The results 
of the tests performed when a steel sheet was used as the base material are listed in Table 1, and 
the results of the tests performed when a coated steel sheet was used as the base material are 
listed in Table 2. When the steel sheet was used as a base material, the sheet was directly bonded 
to the steel sheet without using an adhesive layer. When the coated steel sheet was used, in order 
to ensure a good adhesiveness of the sheet on the coated steel sheet in vacuum molding, an 
adhesive layer (acrylic adhesive, SK DAIN p-44 [transliteration], product of Soken Kagaku 
K.K., thickness of 10 u,m) was formed on the inner surface of the sheet for vacuum molding. 
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Table 1 



Application 
Example 


1 


2 


3 


4 


5 


6 


7 


8 


Malleability 


No rupture 


No rupture 


No rupture 


No rupture 


No rupture 


No rupture 


No rupture 


No rupture 


Vacuum 
moldability 


Good 


Good 


Good 


Good 


Good 


Good 


Good 


Good 


Adhesiveness 


100/100 


100/100 


100/100 


100/100 


100/100 


100/100 


100/100 


100/100 


Hardness 


H 


2H 


H 


3H 


H 


2H 


H 


3H 



Base material for bonding: Steel sheet (without adhesive layer) 



Application 

Example 
Malleability 



Vacuum 
moldability 



Adhesiveness 



Hardness 



No rupture 



Good 



100/100 



HB 



No rupture 



Good 



100/100 



H 



No rupture 



Table 2 



No rupture 



Good 



100/100 



HB 



Good 



100/100 



H 



No rupture 



Good 



100/100 



HB 



No rupture 



Good 



100/100 



H 



No rupture 



Good 



No rupture 



Good 



100/100 



HB 



100/100 



H 



Base material for bonding: Coated steel sheet 

Adhesive layer: Acrylic adhesive (SK DAIN P-44 [transliteration], product of Soken Kagaku 
K.K.), thickness of 10 urn. 



Table 1 (Continued) 



Application 
Example 


9 


10 


11 


12 


13 


Malleability 


No rupture 


No rupture 


No rupture 


No rupture 


No rupture 


Vacuum 
moldability 


Good 


Good 


Good 


Good 


Good 


Adhesiveness 


100/100 


100/100 


100/100 


100/100 


100/100 


Hardness 


2H 


H 


2H 


H 


H 



16 



Table 2 (Continued) 



Application 
Example 


9 


10 


11 


12 


13 


Malleability 


No rupture 


No rupture 


No rupture 


No rupture 


No rupture 


Vacuum 
moldability 


Good 


Good 


Good 


Good 


Good 


Adhesiveness 


100/100 


100/100 


100/100 


100/100 


100/100 


Hardness 


HB 


B 


HB 


HB 


B 



Comparative Example 1 

Acrylic polyol (Arotan 2040-136, product of Nippon Shokubai Kagaku Kogyo Co., Ltd., 
with a Tg of 40C°, OH value of 80, and weight-average molecular weight of 29,000) in an 
amount of 100 parts for the solid portion, blocked isocyanate (Takenate B-815N, product of 
Takeda Chemical Industries, Ltd., an oxime block compound of hydrogen ated diphenyl methane 
diisocyanate, with an NCO% of 7.3) in an amount of 49 parts for the solid portion (this blocked 
isocyanate had 1.0 Eq of isocyanate groups with respect to the hydroxyl groups of said acrylic 
polyol), 80 parts of diethylene glycol dimethacrylate, 1.2 parts of benzyl, and 45 parts of 
titanium oxide were mixed by agitation. In the same way as in Application Example 1, the 
obtained mixture was coated on the mold release surface of a PET film that had been subjected 
to a silicone mold release treatment. After drying at 60C° for 20 min, the PET film was peeled 
off, forming a curable sheet in the uncured state. The obtained sheet had a thickness of 80 \xm. 

Comparative Example 2 

Acrylic polyol (Arotan 2040-136, product of Nippon Shokubai Kagaku Kogyo Co., Ltd., 
with a Tg of 40C°, OH value of 80, and weight-average molecular weight of 29,000) in an 
amount of 100 parts for the solid portion, blocked isocyanate (Takenate B-815N, product of 
Takeda Chemical Industries, Ltd., an oxime block compound of hydrogenated diphenyl methane 
diisocyanate, with an NCO% of 7.3) in an amount of 49 parts for the solid portion (this blocked 
isocyanate had 1.0 Eq of isocyanate groups with respect to the hydroxyl groups of said acrylic 
polyol), 10 parts of a thermoplastic acrylic resin (Haipet HBS, product of Mitsubishi Rayon Co., 
Ltd.), 1 10 parts of diethylene glycol dimethacrylate (100 parts with respect to 100 parts of the 
solid portion of acrylic polyol and thermoplastic acrylic resin), 1.5 parts of benzyl, and 50 parts 
of titanium oxide were mixed by agitation. In the same way as in Application Example 1, the 
obtained mixture was coated on the mold release surface of a PET film that had been subjected 
to a silicone mold release treatment. After drying at 60C° for 20 min, the PET film was peeled 
off, forming a curable sheet in the uncured state. The obtained sheet had a thickness of 80 Jim. 
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Comparative Example 3 

Acrylic polyol (Arotan 2040-136, product of Nippon Shokubai Kagaku Kogyo Co., Ltd., 
with a Tg of 40C°, OH value of 80, and weight-average molecular weight of 29,000) in an 
amount of 100 parts for the solid portion, acrylic polyol oligomer (Nikkalite H-870, product of 
Nippon Carbide Co., Ltd., with Tg of 45C°, OH value of 200, and weight-average molecular 
weight of 2200-2500) in an amount of 30 parts for the solid portion, blocked isocyanate 
(Takenate B-815N, product of Takeda Chemical Industries, Ltd., an oxime block compound of 
hydrogenated diphenyl methane diisocyanate, with an NCO% of 7.3) in an amount of 86 parts 
for the solid portion (this blocked isocyanate had 1 .0 Eq of isocyanate groups with respect to the 
hydroxyl groups of said acrylic polyol and acrylic polyol oligomer), 104 parts of diethylene 
glycol dimethacrylate (100 parts with respect to 100 parts of the solid portion of acrylic polyol 
and acrylic polyol oligomer), 1.5 parts of benzyl, and 90 parts of titanium oxide were mixed by 
agitation. In the same way as in Application Example 1, the obtained mixture was coated on the 
mold release surface of a PET film that had been subjected to a silicone mold release treatment. 
After drying at 60C° for 20 min, the PET film was peeled off, forming a curable sheet in the 
uncured state. The obtained sheet had a thickness of 80 urn 

Comparative Example 4 

Acrylic polyol (AROTAN 2040-136 [transliteration], product of Nippon Shokubai 
Kagaku Kogyo Co., Ltd., with a Tg of 40C°, OH value of 80, and weight-average molecular 
weight of 29,000) in an amount of 100 parts for the solid portion, acrylic polyol oligomer 
(Nikkalite H-870, product of Nippon Carbide Co., Ltd., with a Tg of 45C°, OH value of 200, and 
weight-average molecular weight of 2,200-2,500) in an amount of 20 parts for the solid portion, 
blocked isocyanate (Takenate B-815N, product of Takeda Chemical Industries, Ltd., an oxime 
block compound of hydrogenated diphenyl methane diisocyanate, with an NCO% of 7.3) in an 
amount of 70 parts for the solid portion (this blocked isocyanate had 1.0 Eq of isocyanate groups /12 
with respect to the hydroxyl groups of said acrylic polyol and acrylic polyol oligomer), 20 parts 
of a thermoplastic acrylic resin (Haipellet HBS, manufactured by Mitsubishi Rayon Co., Ltd.), 
140 parts of diethylene glycol dimethacrylate (100 parts with respect to 100 parts of the solid 
portion of acrylic polyol, acrylic polyol oligomer and thermoplastic acrylic resin), 1.8 parts of 
benzyl, and 90 parts of titanium oxide were mixed by agitation. In the same way as in 
Application Example 1, the obtained mixture was coated on the mold release surface of a PET 
film that had been subjected to a silicone mold release treatment. After drying at 60C° for 20 
min, the PET film was peeled off, forming a curable sheet in the uncured state. The obtained 
sheet had a thickness of 80 u.m. 
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<Properties of curable sheets> 

For the curable sheets prepared in Comparative Examples 1-4, the same tests as those in 
Application Example 1 were performed. 

The results indicated that for the sheets obtained in Comparative Examples 1 and 3, there 
is little extension at 30C°. In vacuum molding performed at 60C° or 80C°, the sheets ruptured, 
and it was impossible to bond the sheet to the object to be covered. For the sheets prepared in 
Comparative Examples 2 and 4, an extension of 30% was realized. However, in vacuum molding 
at 60C° or 80C°, the sheet could not be bonded to the object to be covered. 

Effects of the invention 

For the curable sheet of this invention with the aforementioned constitution, at a 
temperature lower than the curing temperature, the malleability and flexibility are good. The 
sheet can be well applied to cover the surface of objects having a flat plane or a surface with 
bumps and dips or a curved surface, free of "wrinkles." Also, the operability is good. When the 
curable sheet is heated and/or irradiated with light, it is possible to form a strong uniform coating 
with high hardness and wear resistance. 

In addition, before heating or irradiation with light, even when the various components 
make contact with each other, there is still no curing. Consequently, when the curable sheet is 
manufactured, the various components can be mixed homogeneously, so that it is possible to 
form a coating with little degradation in properties and with a good appearance. 



DOCUMENT-IDENTIFIER: JP 02255823 A 



Page 1 of 1 



PAT-NO: JP402255823A 
DOCUMENT-IDENTIFIER: JP 02255823 A 
TITLE: CURABLE SHEET 

PUBN-DATE: October 16, 1990 

INVENTOR-INFORMATION: 

NAME COUNTRY 
ABE, H1ROSHI 
MIYAKE, AKITAKA 

ASSIGNEE-INFORMATION: 
NAME COUNTRY 
SEKISUI CHEM CO LTD N/A 

APPL-NO: JP012 15673 
APPL-DATE: August 21, 1989 

INT-CL (JPC): C08G01 8/62 , C08F299/00 
US-CL-CURRENT: 522/150 

ABSTRACT: 

PURPOSE: To obtain a curable sheet having good malleability, ductility and flexibility before being 
cured, capable of forming a film of a high hardness after being cured and being curable with heat and 
light which is an uncured sheet based on a mixture comprising a specified reactive acrylic resin, a 
blocked isocyanate; a reactive vinyl monomer and a photosensitizes 

CONSTITUTION: An uncured curable sheet formed from a resin composition mainly comprising a 
reactive acrylic resin having at least a plurality of hydroxyls, aminos or carboxyls and a weight-average 
MW of 100000-1000000 and being normally solid, a blocked isocyanate, a reactive vinyl monomer and 
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